Human milk provides infant with the required nutrients for growth and development. The aim of preliminary study was to determine macro-and micronutrients content in mature human milk among lactating women residing in Latvia and dietary habits affecting it. The study was carried out from November 2016 to February 2017. In total, 24 pooled diurnal milk samples were collected from mothers whose infants had reached the age of at least two months. Personal information of each participant was recorded, including mother's age, weight and height parameters, sex and age of an infant, parity, breastfeeding pattern, milk expression method used for sampling. Eating habits were obtained using Monthly Food Frequency Questionnaire. Analysed elements were determined using inductively coupled plasma mass spectrometry (ICP-MS Agilent 7700x, Japan .00 µg L -1 for manganese, 1.00 -10.00 µg L -1 for chrome which is comparable to data obtained from other studies although chrome and manganese concentration was even higher than observed in literature. Cobalt and selenium content was below detection limit. Zinc content in human milk negatively correlated with baby's age (p < 0.05). The content of majority of essential minerals in human milk was affected by mother's dietary habits; however, more samples need to be analysed for representative conclusions.
Introduction
Balanced nutrition supports child's optimal development. Human milk has been recognized as the best food for an infant till six months of age and beyond (WHO, 2009; Motee & Jeewon, 2014) . Breastfeeding mother eating adequate diet should provide offspring with all essential elements (Emmett & Rogers, 1997) . Calcium is a mineral needed for the formation and maintenance of bone mass, as well as for normal function of nerves and muscles. Sodium and potassium support osmotic pressure in cells. Iron is an important element for synthesis of haemoglobin. Chrome potentiates insulin production. Magnesium, copper, selenium, zinc, and manganese are essential co-factors for certain enzymes, therefore needed for numerous biochemical reactions (WHO & IAEA, 1989; Soetan, Olaiya, & Oyewole, 2010). Mammary glands regulate concentrations of essential elements in milk to protect infant against deficiencies and excessive amounts (Lönnerdal, 2007 , cited by Björklund et al., 2012) . A study published jointly by World Health Organization and the International Atomic Energy Agency (WHO & IAEA, 1989 ) is still one of the few large-scale studies, used as a reference values for setting adequate daily intakes of minerals for infants. It seems that maternal diet has an effect on mineral composition and content in human milk, however, it depends on which element is being considered (Emmett & Rogers, 1997; Qian et al., 2010; Choi et al., 2016) . There is no data about essential element composition in milk among breastfeeding women living in Latvia; therefore, the aim of preliminary study was to determine macro-and micronutrient content in mature human milk among lactating women residing in Latvia and dietary habits affecting it.
Materials and Methods

Ethical concerns
The study has obtained approval from the Riga Stradins University Ethic Committee (No. 4/28.7.2016.) . Written agreement has been obtained from all the participating women.
Study design
The study took place from November 2016 to March 2017. Participant group included women from different municipalities of Latvia and babies had to be two months old prior to study. Altogether, 24 pooled diurnal milk samples were obtained. Descriptive characteristics like woman's age, weight and height ratio, sex and age of a baby, parity, breastfeeding manner (exclusive or mixed), milk expression method used during the study (by hand, breast pump or both) were recorded. • 0 ='I never consume this product';
• 1 ='I eat it less than once a week';
• 2 ='I eat it once a week';
• 3 ='two times a week';
• 4 ='more than two times a week but not every day';
• 5 ='I eat it every day'.
Information about current use of dietary supplements was also collected. Information about participants' financial conditions was not collected although this factor may have an impact on mother's diet during lactation.
Milk sampling and analysis
Around 100 mL of pooled diurnal milk was obtained using the most comfortable manner for the mother (hand expression, using breast pump or combining both methods). Participants were asked to express milk from different diurnal periods (including morning, mid-day and evening feeding), however, expression time was not specified (beginning (foremilk) or end of feeding (hindmilk). Information about nursing frequency was not collected. It was also not specified from which breast mothers should express milk (the breast from which baby was suckling or the opposite breast). Samples were stored at -20 °C until analysis. Following essential minerals -calcium, chrome, cobalt, copper, iron, magnesium, manganese, potassium, selenium, sodium and zincwere determined using inductively coupled plasma mass spectrometry (ICP-MS Agilent 7700x, Japan).
Statistical analysis
Analyses were done in duplicate. Data statistical analysis was performed using software IBM SPSS Statistics, version 23.0. The Shapiro-Wilk test was used to evaluate essential element content distribution for normality but due to small sample size nonparametric tests were further used for the analysis of data. Kruskal Wallis test was used to test categorical variables and continues variables were compared using Spearman's rank correlation coefficient (Spearman's r). Spearman's r was also used to analyse how mother's dietary habits affect mineral content in milk (a = 0.05).
Results and Discussion
The women included in the present study on average were 30 ± 4 years old. Maternal Body Mass Index was 22.11 ± 2.75. It was calculated based on given information about weight and height. Anthropometric measurements were not made during this study. Primiparas were 37% of participants. Of the babies, 54% were female but 46% -male and the average birth weight for infants was 3.54 ± 0.56 kg. The average age was 4 ± 2 months (Table 1) .
Literature is inconsistent with data for many, especially ultra-trace elements (like cobalt) content in human milk. In addition, differences in sampling and analytical testing should be taken into consideration. Table 2 represents the summarization of our preliminary study results with data from literature. Despite the small sample size, our obtained results were comparable with data given in WHO & IAEA (1989) study for most elements. Concentrations of iron, manganese, chrome and zinc in milk were normally distributed. Small inter-individual variations (CV≤17) were detected for calcium, potassium, magnesium, complying with data from WHO & IAEA (1989) survey and indicating that homeostatic mechanisms are involved regarding content of those elements in human milk. Cobalt and selenium content was below detection limit. Comparing to other studies, we obtained higher results for manganese and chrome.
Plenty of elements significantly correlated with each other. Most frequently, sodium positively correlated with calcium (Spearman r = 0.42, p < 0.05), . It should be emphasized that critically low selenium content in milk among lactating women residing in Latvia could be due to the fact that Latvia belongs to countries with a low selenium level in the soil and hence the food supply (Duma et al., 2011) but further investigations are needed.
Maternal characteristics
Arnaud and Favier (1995, cited by Choi et al., 2016) reported that the concentration of copper in human milk is related to parity (r = 0.317, p < 0.001) and mother's Body Mass Index (BMI) (r = 0.324, p < 0.001). Our preliminary results did not show any correlation between essential elements' content in milk and maternal BMI or parity (p > 0.05). However, more samples need to be analysed and potentially anthropometric measurements need to be included in the research.
Infant characteristics
There are three stages of lactation -colostrum, transitional and mature milk. Yamawaki et al. (2005) observed decrease for sodium and potassium content in milk comparing day 1 -5 (colostrum) to day 165 -181 of lactation (mature milk). Richards with co-authors (2010) observed that sodium content decreases during lactation period, reaching reduction of 33% over the first six months post partum. Similarly, Shi and co-authors (2011) observed that most minerals (except for sodium and potassium) in human milk remain fairly constant over the three lactation stages. In our preliminary study, babies had to be at least two months old, therefore only mature milk samples were analysed. Overall, infants were two to eleven months old and we could not demonstrate a correlation between mineral content in human milk and offspring's age, except for zinc (r = -0.528, p < 0.01). However, more samples need to be analysed to evaluate observed association.
There is evidence that infant's gender and birthweight can affect macronutrient like fat and lactose content in human milk (Altufaily, 2009; Broka et al., 2016) but no similar observations in any research had been made regarding essential elements content. In addition, our data marked a tendency 
Diet
Clustered foodstuff consumption frequencies are displayed in Table 3 .
Most mothers consumed one or few dietary supplements during the participation in the studyvitamin D (n = 5), iron supplement (n = 4), omega fatty acids (n = 3) and complex supplements (n = 4) or functional products like pollen (n = 1), mineral water (n = 2), spirulina (n = 1) or molasses (n = 1) which could also be a source of minerals. Although Choi et al. (2016) observed that mothers who took daily supplements had higher iron concentration in milk, no similarity was observed in this study (p > 0.05).
Iron and zinc concentration in human milk is comparatively low, but their absorption is high (WHO, 2009). Although meat and offals are better dietary source of iron, dark green leafy vegetables and molasses also contribute to intake of this microelement (Soetan, Olaiya, & Oyewole, 2010) . Our data from Food Frequency Questionnaire only unveiled a negative connection with cooked vegetable and soup consumption (r = -0.49 and r = -0.48, p = 0.02 for both, respectively) and iron content in human milk.
Most participating mothers excluded alcoholic beverages from the diet during breastfeeding (67%) but the rest -restricted consumption to less than once a week (n = 6), or 1 to 2 times per week (n = 2). Mentioned participants preferred red or white wine. Unit was one glass, drunk in the evening, accounting the time between alcohol consumption and breastfeeding. We revealed that zinc content negatively correlates with alcoholic beverage consumption (r = -0.42, p = 0.04).
Choi with co-authors (2016) observed that mothers who consumed alcohol during pregnancy tended to have lower concentration of zinc in milk, as well as less copper and iron content; however, no information about drinking habits during lactation was recorded in mentioned study (Choi et al., 2016) . It should be noted that unlike pregnancy, when alcohol is directly passed to fetus, a lactating woman who drinks occasionally can limit exposure to offspring by considering time interval between drinking and breastfeeding (Mennella, 2001 ).
Our results spotted a correlation between zinc content in milk and dried fruit consumption (r = 0.42, p < 0.05). Similarly, Leotsinidis with co-authors (2005) observed that fruit consumption was positively associated with zinc level in human milk. In addition, Choi et al. (2016) revealed that intake of meat and meat products positively influenced zinc content.
Sodium intake in infancy may have an effect on blood pressure in later life (Geleijnse et al., 1997) . Our study revealed a negative correlation between fresh and dried fruit as well as different seed consumption (r = -0.42, -0.47 and -0.59, respectively; p < 0.05). This maybe could be explained by the fact that fruit, especially dried fruit, are a rich source of potassium. Human milk has to be isomolar with plasma, but potassium & sodium has an antagonistic function, contributing to osmolar load (Richards et al., 2010) .
According to our preliminary data, potassium content in milk only correlated with seed (linseed (Linum usitatissimum), sesame seeds (Sesamum indicum), etc. seeds) consumption (r = -0.41, p < 0.05).
Research done by Dagnelie and co-authors (1992) revealed that magnesium content in human milk was positively associated with meat and fish consumption. However, our study marked a tendency that magnesium concentration in mature human milk correlates with plant based product consumption. We observed a correlation between magnesium and wholemeal pasta (r = 0.55, p = 0.01) and dried berries (r = 0.43, p = 0.03) consumption. Magnesium concentration also negatively correlated with caffeine containing drink like cappuccino, latte and hot chocolate (r = -0.49, p = 0.02).
Our results marked a tendency that chrome content in mature human milk correlates with shellfish (r = -0.45, p = 0.03), sour cream (r = 0.54, p = 0.01) and vegetable oils (Helianthus annuus, Olea europaea oil, etc. vegetable oils) (r = 0.47, p = 0.02) consumption. It is difficult to explain these preliminary observations, and thus more participants need to be acquired.
Manganese content in human milk correlated with several food categories, including animal and plant based products but more data are needed to analyse acquired interconnectedness.
According to our preliminary results, calcium and copper content was not influenced by mother's diet (p>0.05). Dagnelie with co-authors (1992) observed that human milk from macrobiotic mothers contained less calcium. Organically grown cereals, vegetables and pulses are the dominating products in macrobiotic diet. However, also no effect of consumption of animal products on calcium was observed (Dagnelie et al., 1992) . Choi with co-authors (2016) observed that daily intake of vitamin C, selenium and iodine were related to copper content in milk. Leotsinidis with co-authors (2005) noticed that fruit consumption was positively associated with copper level in human milk which could be related to the fact that fruit are a good source of vitamins (including, vitamin C).
Nevertheless, further conclusions should be drawn when more milk samples will be analysed.
Breastfeeding pattern
After six months of age, an infant's nutritional needs start to exceed what is ensured by human milk; therefore, a complementary feeding is started (WHO, 2009). However, breastfeeding still provides many benefits to the infant and mothers are encouraged to continue nursing till the age of 2 years and beyond (WHO, 2009). Most mothers in our preliminary study were still exclusively breastfeeding (n = 17), six participants had started weaning but one mother was combining breastfeeding with the use of infant formula. Results revealed that breastfeeding pattern does not influence essential mineral content in human milk (p > 0.05), but more participants need to be acquired for further observations.
Milk expression method
Participants were allowed to use the most convenient method for milk expression -by hand (29%), using breast pump (63%) or both techniques (8%). Milk composition can be affected by the use of breast pump because water evaporates during the process (Morton et al., 2009; Miller et al., 2013) . However, we did not observe that milk expression manner impacts essential element composition in human milk (p > 0.05). Participants were asked to express milk from different diurnal periods (including morning, mid-day and evening feeding); however, expression time was not specified (beginning (foremilk) or end of feeding (hindmilk). Information about nursing frequency was not collected. It was also not specified from which breast mothers should express milk (the breast from which baby was suckling or the opposite breast). All the above mentioned incompleteness also could influence the results we obtained in our preliminary study. Certainly, more samples are needed for further conclusions and continuing the research, sampling process should be more specified.
Conclusions
Preliminary results revealed that content of most elements (calcium, sodium, potassium, magnesium, iron, zinc and copper) in mature milk among respondents is comparable to data found in literature. Higher concentrations than observed from other studies were found for manganese and chrome, but lower -for cobalt and selenium. Our obtained results also marked a tendency that zinc content in mature human milk correlates negatively with baby's age. Mother's eating habits possibly influence majority of essential elements' content in human milk, but more data need to be obtained for representative conclusions. Continuing the research, sampling process should also be more specified.
